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Abstract
Objective—Commercial motor vehicle (CMV) drivers face many challenges to their health, 
including poor diet, disease, and crash risk. This study quantifies relationships between the 
percentage of calories from fat (PCF) and markers of poor health, many of which are associated 
with increased crash risk.
Methods—Cross-sectional data from 790 CMV drivers were analyzed. Percentages of calories 
from fat (PCF) were estimated using the National Cancer Institute Percentage Energy from Fat 
Screener. Adjusted odds ratios (OR) were calculated.
Results—The highest category of PCF (>38.2%) were statistically significantly more likely to 
not exercise (OR=2.08), have sleep apnea (OR=2.31), snore (OR=1.90), smoke (OR=2.28) and use 
alcohol (OR=1.87) after adjustments.
Conclusion—Meaningful relationships between PCF and poor health indicators exist. These 
indicators may provide an intervention to improve the health and safety of CMV drivers.
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INTRODUCTION
The 5.7 million commercial truck drivers in the United States workforce play a vital role in 
today’s economy (1). Nearly 71% of all freight transportation involves trucks (2), but truck 
drivers remain an understudied and underserved population who experience significant 
health-related risks (3). Truck drivers have high rates of obesity, cardiovascular disease, 
hypertension, diabetes mellitus, and sleep apnea (4). Previous studies have observed that 
drivers with these chronic medical conditions are disproportionately more likely to be 
involved in a number of truck crashes, including preventable crashes (5). The poor working 
conditions experienced by truck drivers often facilitate unhealthy lifestyles that include 
inadequate physical activity, poor sleep hygiene, and improper diets, especially high calorie 
and high-fat diets (6-12). While potentially causal relationships between poor diet and poor 
health have been observed in the general population, there has not been an evaluation 
between dietary measures and disease outcome among this at-risk and medically 
underserved population.
While ketogenic diets have been affirmed effective in weight reduction and obesity, high 
‘dietary fat,’ particularly saturated and trans fat, is considered synonymous with risk of 
obesity and heart disease (13, 14). Strong and consistent associations from a wide body of 
evidence accrued from observational studies, clinical trials and metabolic studies conducted 
in diverse human populations have noted that diet and nutritional factors are risk factors for 
major cardiovascular diseases (CVD) (15). The effect of various dietary fats on plasma lipids 
(e.g., total cholesterol, lipoprotein fractions, and triglycerides) has constituted a key link in 
the causal pathway that connects diet to CVD (16). Although dietary recommendations have 
adapted in response to these findings, total caloric intake has not measurably declined, and 
the prevalence of diet-related conditions such as obesity and Type 2 diabetes mellitus has 
grown dramatically (14, 17).
The goal of this study is to assess relationships between the percent of calories from fat and 
poor health measures (e.g., high BMI, high A1C, high cholesterol, self-reported alcohol use) 
among truck drivers in a large cross-sectional study. These health measures are indicative of 
adverse health outcomes previously observed to be prevalent among truck drivers, including 
CVD, diabetes, and sleep apnea. By examining these associations, this study may facilitate 
future avenues for intervention in this unusually susceptible population.
METHODS
The study was approved by the Institutional Review Boards of the University of Utah (IRB 
#22252) and the University of Wisconsin-Milwaukee (IRB #07.02.297). As this is a 
substudy of a larger cross-sectional study that has been detailed in a prior publication [18], 
only methods relevant to this particular substudy are described hereafter. This cross-
sectional study involved the recruitment of truck drivers at trucking employers, truck stops 
and truck between 2008 and 2011. Informed consent was obtained prior to enrollment.
Drivers were enrolled at truck shows or truck stops in Iowa, Illinois, Kentucky, Nevada, 
Texas, Utah, and Wisconsin. Eligible drivers (N=797) were commercial truck drivers in 
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possession of a current United States Commercial Driver’s License (CDL), at least one year 
of driving experience, and the ability to read in English (English language proficiency is 
generally a job requirement for truck drivers, and therefore the study questionnaire was not 
translated). A minority (n=7) were recruited online.
Drivers completed a computerized questionnaire (864 questions) with a research assistant on 
site. Most drivers successfully completed the questionnaire without assistance. The 
questionnaire included demographic information, reportable motor vehicle crashes, past 
medical history, family medical history, physical activities, hobbies, psychosocial factors, 
and diet. Diet was determined by the use of questions from the National Cancer Institute’s 
screening tool to estimate the percentage of dietary calories from fat (PCF). This tool has 
been reported in other studies (19, 20). The questionnaire assessed the frequency of eating a 
range of foods including protein, fruit, and grains, with a focus on high-fat foods (e.g., fried 
foods, butter, salad dressing, and cheese). Drivers were asked a series of questions about the 
frequency of consuming high fat foods, which was then compiled into an estimate of the 
percentage of total calories which come from fat. The dietary data for each participant were 
used in a calculation to estimate the percent of calories from fat for each individual.
The questionnaires also recorded self-reported data on health measures, including regular 
exercise, snoring, regular tobacco use, and regular alcohol use. Reported snoring was used as 
both a marker for poor sleep quality and possible undiagnosed sleep apnea. Additionally, 
participants were asked to report any prior diagnoses of sleep apnea, diabetes mellitus, and 
high cholesterol. Together these were selected as markers of overall poor health.
Additional health-related factors were obtained by a medical professional and were included 
as variables for this study. These variables included measured height, weight, neck/waist/hip 
circumferences, blood pressure, and heart rate. Body Mass Index (BMI) was used both as a 
continuous variable and as a categorical variable categorized into the following five levels 
(kg/m2): underweight (BMI<18.5), normal weight (18.5 ≤ BMI<25), overweight (25 ≤ 
BMI<30), obese (30 ≤ BMI<35), and morbidly obese (35 ≤ BMI).
Laboratory-obtained factors included total cholesterol, low-density lipoprotein, high-density 
lipoprotein, triglycerides, non-fasting glucose, and hemoglobin A1C. Certified testers 
obtained non-fasting blood measurements via sterile finger-stick. Hemoglobin A1c was 
measured using a Cholestech® GDX machine (Alere, Inc., Waltham, MA). Total 
cholesterol, HDL cholesterol, triglycerides, LDL cholesterol, and blood glucose was 
measured using a Cholestech® LDX machine (Alere, Inc., Waltham, MA). Participants were 
provided with their results and those with abnormal results were additionally directed to 
seek medical advice.
Statistical Analyses
Statistical analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC). 
Statistical significance was determined at α=0.05. Descriptive statistics were calculated to 
assess normality and distribution prior to categorization and assessing potential 
relationships. The PCF measure was analyzed two ways: first continually in a linear 
assessment and secondly categorized into six (6) equally sized groups for assessment of the 
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potential for non-linear relationships. The decision to divide the PCF measures into six (6) 
equal groups was made a priori in order to maximize statistical power while preserving 
ability to show non-linear responses. Univariate logistic regression was used to assess the 
relationships, if any, between PCF and poor health measures. Some factors, such as gender, 
age, and BMI, were included in the adjusted model to control for confounding even though 
there was not a statistically significant relationship between the factor and the health 
measure. Unadjusted and adjusted odds ratios (ORs) with corresponding confidence 
intervals (CIs) were used to assess the effects of PCF.
RESULTS
There were 797 CMV drivers enrolled in this study, of which 790 had complete data, 
including objective factors, and were thus included in these analyses.
Descriptive statistics are reported in Table 1. Most study drivers were male (680, 86.1%) and 
obese (489, 61.9%) with a mean BMI of 32.9 kg/m2. PCF ranged from 24.6% to 51.1%, 
with 80% of the drivers between 30.1% and 40.0% (interquartile range 31.7% to 36.8%).
Unadjusted analyses values are shown in Table 2 with drivers in the highest category 
(38.2%-51.1%) of PCF having approximately about twice the likelihood for all the reported 
health measures. Adjusted ORs and 95% CI for both categorical and linear relationships 
between PCF and poor health measures are provided in Figure 1. Adjustment was made for 
age, gender, and BMI, with analyses finding many statistically significant associations 
between poor health measures and PCF. Statistically significant linear relationships were 
found between PCF as a continuous measure and a lack of regular physical activity 
(p=0.011), diagnosis of sleep apnea (p=0.019), tobacco use (p=0.003), and alcohol use 
(p=0.020). Non-significant relationships were found between PCF as a continuous measure 
and snoring (p=0.070), PCF and diagnosis of diabetes mellitus (p=0.155), and PCF and 
diagnosis of high cholesterol (p=0.700). Analysis of the categorized PCF found similar 
results; however, there are non-linear relationships between PCF and some poor health 
measures that are more apparent. These categorical relationships can be seen in Figure 1. 
Some of the relationships were only statistically significant for the very highest category of 
PCF (e.g., no regular exercise OR=2.08 and sleep apnea OR=2.31). Others relationships 
peaked at the lower middle category and the highest category of PCF, but were not 
statistically significant for the upper middle categories.
Following the adjustment of values, the overall trend and relationships remained the same. 
However, some changes to point estimates were found. There are four significant unadjusted 
ORs but three significant adjusted ORs in reported snoring. Drivers in the highest category 
(38.2%-51.1%) of PCF had approximately a two-fold increase in likelihood of also having 
no regular physical activity (OR=2.08), sleep apnea (OR=2.31), reported snoring (OR=1.90), 
tobacco use (OR=2.28) and alcohol use (OR=1.87). The category of 32.5%-34.0% PCF also 
had a significantly higher odds of reporting snoring (OR=2.21), using tobacco (OR=1.70), 
and using alcohol (OR=1.71). The category of 35.8%-38.2% of PCF had a significantly 
higher odds of using alcohol (OR=1.90) and the category of 34.0-35.8% of PCF had higher 
odds of reporting snoring (OR=1.65).
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DISCUSSION
This study found significant associations between PCF and lack of regular physical activity, 
self-reported snoring/sleep apnea, tobacco use, and alcohol use. These relationships are 
approximately 50% stronger per each 10% increase in fat calories, with the most 
pronounced associations found in those truck drivers whose diets contained the highest PCF 
(38.2%-51%). This finding aligns with prior research that notes that unhealthy dietary 
behaviors often occur in association with other unhealthy behaviors (e.g., smoking, physical 
inactivity) (21, 22).
The PCF among these CMV drivers is relatively high, with nearly half of study participants 
reporting PCF greater than 34%. This is meaningfully higher than the mean PCF reported by 
the general population, which has been estimated at 33.6% among men (23), and suggests 
PCF may be an indicator of other co-morbid conditions experienced by truck drivers. 
Dietary recommendations list the ideal PCF at 20–35%, while guidelines from the American 
Heart Association suggest a PCF of 25–35% (24). This study’s general findings are 
comparable with others reporting that CMV drivers have considerably worse overall health 
than other populations (4, 12, 25).
While this study does not implicate a specific cause for the general poor health of drivers, it 
does find meaningful and statistically significant relationships between PCF and other poor 
health habits. While there is no causal relationship definable from this study’s data, a 
plausible theory may be that all of these factors are related to overall driver health behaviors. 
The strong association of tobacco with heart disease, stroke, and other CVDs may be in part 
due to the association with a higher fat diet (26). Interestingly, as compared to nonsmokers, 
smokers have elevated levels of low-density lipoproteins (LDL) and verylow-density 
lipoproteins (VLDL) and reduced levels of high-density lipoproteins (HDL), which can also 
be tied to diet (27). Sleep apnea, another common condition among truck drivers, is linked to 
male sex, higher body mass index (BMI), and increasing age, all of which are characteristics 
found among many truck drivers (28) and puts drivers at an increased risk of a crash (18).
These results suggest targeted interventions addressing PCF are likely to result in 
considerable improvements in CMV drivers’ overall health and crash risks. Prior research 
has indicated that persons who habitually adopt one healthy dietary practice are more likely 
to adopt other healthy dietary habits as well as practice regular physical activity and 
abstinence from smoking (29). Physical activity may reduce the risk of CVD by preventing 
obesity, hypertension, dyslipidemia, and glucose intolerance (30). There is some evidence 
that physically active adults tend to smoke less, consume healthier diets, and maintain a 
more favorable body constitution (31).
Strengths of this study include the large sample size of CMV drivers enrolled from a wide 
variety of geographic locations, with data largely mirroring other national data (32), 
suggesting these data are representative and generalizable nationally. The assessment of PCF 
using a validated screener and the ability to control for potential confounders are also 
strengths. Weaknesses include the inability to assess temporality due to the cross-sectional 
study design and the potential for systemic error associated with PCF, as these 
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questionnaire-based data naturally have some subjective weaknesses. Longitudinal studies 
are needed, e.g., to assess if a driver who reduces his/her PCF will experience improvements 
in health and reduced crashes, or rather if high fat consumption is instead a surrogate marker 
for risk-taking behavior among CMV drivers for which fat reduction has no impact on 
crashes.
CONCLUSION
Commercial drivers have significant associations between PCF and lack of regular physical 
activity, sleep apnea, tobacco use, and alcohol use. These relationships are about 50% higher 
per 10% increase in fat calories. These data identify drivers at increased risk for these poor 
health measures. Interventions targeting reductions in fat calories seem likely to improve 
driver health, although longitudinal studies are required to prove this hypothesis.
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Figure 1: 
Odds Ratios And 95% Confidence Intervals For The Relationship Between Percent Calories 
From Fat And Health Indicators, After Adjusting For Age, Gender And Body Mass Index.
* Indicates Statistical Significance
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TABLE 1.
DESCRIPTIVE STATISTICS
1. Demographic Variables Mean (SD) or n (%)
Age (years) 47.2 (10.5)
Male 680 (86.1%)
2. Laboratory Variables
Non-Fasting Glucose 121.7 (54.8) mg/dL
Hemoglobin A1C 5.0 (1.2)%
Low Density Lipoprotein 112.7 (33.9) mg/dL
High Density Lipoprotein 36.6 (14.1) mg/dL
High Cholesterol 208 (26.3%) mg/dL
Total Cholesterol 191.5 (41.2) mg/dL
3. Measured Variables
Neck Circumference 107.3 (41.7) cm
Hip Circumference 114.5 (13.9) cm
Waist Circumference 113.2 (17.3) cm
Systolic Blood Pressure 131.9 (17.4) mmHg
Diastolic Blood Pressure 84.3 (10.7) mmHg
Body Mass Index (kg/m2) 32.9 (7.5) kg/m2
4. Self-Reporting Variables
Regular Exercise ± 454 (57.5%)
Sleep Apnea* 113 (14.3%)
Snoring* 400 (50.6%)
Tobacco Use§ 392 (49.6%)
Alcohol Use 464 (58.7%)
Diabetes Mellitus* 84 (10.6%)
5. Dietary Variables
Percent Calories from Fat (%) 34.6 (4.2)
 24.6%-30.8% 131 (16.6%)
 30.8%-32.5% 132 (16.7%)
 32.5%-34.0% 132 (16.7%)
 34.0%-35.8% 132 (16.7%)
 35.8%-38.2% 132 (16.7%)
 38.2%-51.1% 131 (16.6%)
*Self-reported data.
§
If respondent ever smoked.
±
If respondent exercise regularly.
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Table 2.
Unadjusted Odds Ratios For Poor Health Measures Statistically Associated With Percent Calories From Fat.
Percent Calories
from Fat
No Regular
Physical Activity Sleep Apnea Reported Snoring Tobacco Use Alcohol Use
24.6%-30.8% 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
30.8%-32.5% 1.23 (0.75, 2.01) 1.14 (0.55, 2.40) 1.67* (1.02, 2.73) 1.26 (0.78, 2.06) 1.18 (0.73, 1.92)
32.5%-34.0% 1.23 (0.75, 2.01) 1.07 (0.50, 2.26) 2.34* (1.43, 3.84) 1.66* (1.02, 2.71) 1.78* (1.09, 2.91)
34.0%-35.8% 0.96 (0.58, 1.57) 1.38 (0.67, 2.83) 1.83* (1.12, 2.99) 1.47 (0.90, 2.40) 1.15 (0.71, 1.86)
35.8%-38.2% 0.99 (0.60, 1.62) 0.85 (0.39, 1.85) 1.44 (0.88, 2.34) 1.34 (0.83, 2.19) 2.03* (1.23, 3.34)
38.2%-51.1% 1.69* (1.04, 2.76) 2.50* (1.28, 4.88) 2.04* (1.25, 3.34) 2.24* (1.36, 3.67) 1.94* (1.18, 3.19)
Linear Relationship per 10% 
calories from fat 1.57 (1.11, 2.22) 1.76 (1.10-2.82) 1.37 (0.97-1.93) 1.68 (1.19-2.37) 1.52 (1.07-2.16)
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